Background: There is a significant increase in survival for HIV-infected children who have early access to diagnosis and treatment. The goal of this multi-country review was to examine when and where HIV-exposed infants and children are being diagnosed, and whether the EID service is being maximally utilized to improve health outcomes for HIV-exposed children. Methods: In four countries across Africa and Asia existing documents and data were reviewed and key informant interviews were conducted. EID testing data was gathered from the central testing laboratories and was then complemented by health facility level data extraction which took place using a standardized and validated questionnaire
Background
HIV infection is having an increasing impact on the health of children, threatening to undermine hard-won gains in child survival in countries with high HIV prevalence. Based upon the most recent global estimates, 2.3 million children younger than 15 years of age are living with HIV [1] , the vast majority of whom acquired HIV from vertical transmission. Mortality is high among HIV-infected infants in the first months of life and without access to life-saving drugs, including antiretroviral therapy (ART) and co-trimoxazole prophylaxis (CPT), 30% of HIV positive children die in their first year of life and approximately half do not survive until their second birthday [2] . Importantly, there is a remarkable increase in survival if HIV-infected children have access to early diagnosis and treatment [3] . However access is available to a very limited number of children in need with only 15% of exposed infants in low and middle income countries receiving a virologic test and 28% of ART-eligible infants and children receiving ART [4] .
One contributing factor to low coverage of ART in infants is that diagnosing HIV in infants requires virologic testing, rather than simpler antibody-based rapid tests that are used in adults. Early infant diagnosis (EID) is done through polymerase chain reaction (PCR) testing of dried blood spots that are collected at peripheral sites and sent to central laboratories. WHO recommends that all infants born from mothers who tested positive during pregnancy should have a blood sample collected for EID testing at four to six weeks of age [5] . This window has been selected because EID testing has >95% HIV sensitivity at this point, which also coincides with the period when most national guidelines recommend the first set of immunizations for infants. In addition, infants <18 months old who present with signs and symptoms of HIV or infants presenting with unknown exposure status should be screened for exposure and if exposed, be rapidly given an HIV diagnostic test.
Though critically important for the survival of HIV positive infants and the Universal Access objectives of national programs, EID requires capacity, participation, coordination, and management of multiple health structures as well as significant logistical, financial and human investment. Due to increased investments by the global community and national governments the number of laboratories providing EID services to the national program increased dramatically in sub-Saharan Africa from 2005 to 2009. However there remain concerns regarding whether existing national programs are effective in identifying HIV-exposed and HIV-infected infants and children and linking them in a timely manner to required care and treatment. This comparative descriptive analysis across four countries in Africa and Asia reviews the early implementation of EID programs as they are in the process of scaling up, with a specific focus on examining when and where HIV-exposed infants and children are being diagnosed and initiated onto treatment.
Methods
Four countries-Cambodia, Namibia, Senegal and Uganda -were selected to provide a broadly representative sample of HIV care in high and low HIV prevalence countries in Asia and sub-Saharan Africa. All four ministries of health were solicited and agreed to the review both for national program development and to contribute to the global evidence base. In each country under ministry leadership, a desk review of existing documents and data and key informant interviews with key program managers, laboratory staff, and implementing partners were undertaken. Following this, EID testing data was gathered from the central testing laboratories and then complemented by health facility level data extraction which took place using a standardized and validated questionnaire. The focus of the paper is on the EID laboratory testing data and health facility level data that was extracted, but information on how the desk reviews and key informant interviews were conducted is also included below as reference for others who may want to conduct a similar review.
Desk Review
The desk review included only available nationally endorsed or commissioned documents, plans, and analyses of the data that were focused on EID, PMTCT, and paediatric care and treatment. Documents where EID, PMTCT, or paediatric HIV care and treatment were not a primary focus or which were not endorsed or commissioned by the respective Ministry of Health were excluded. The rationale for these criteria was that the objective was to conduct a focused review of national EID programs, rather than the activities of specific partners or broader child health services. Documents reviewed included national policy documents, national technical guidelines, relevant memos or circulars, national forms and data collection tools used for EID, national testing and procurement data, any existing documentation of the EID system, national scale up plans, and any analyses done to date of EID service. The documents were provided by the Ministry of Health in each country after a request from the UNI-CEF country offices. This information was reviewed in order to establish the history, policies and current status of the EID program at a macro level. The desk review began prior to the in-country visit and was supplemented by data made available in the first two days in country.
Key informant interviews
Key informants were defined as persons actively involved in managing, supporting, or providing early infant diagnosis services. This included program managers in the ministries of health at national and district level, technicians in the reference laboratory, health care workers involved in EID and infant care at site level, and partners involved in EID at an implementation level. Feedback gathered included: (1) policy considerations for EID (testing policy, paediatric ART guidelines, user fees, platform selection, and program aspirations for EID); (2) management of EID (planning, capacity, financing supply chain, EID site expansion, logistics management, and M&E); and (3) EID program implementation (infant identification approaches, logistics {specimen transport and communication of results}, site level coordination, and operational challenges.)
EID laboratory testing data and health facility level data extraction
The fact that early infant diagnosis is a reference test allows for a significant amount of data to be gathered centrally. The EID database at the central laboratory was thus the lynchpin of the review and was used to prepare analyses of testing volumes, age at testing over time, and turn-around time analyses. The available data was extracted from the central database which incorporated data from all laboratories performing EID in each of the four countries. PMTCT/MIS data was gathered at national and regional level.
For the health facility level data extraction, 18 to 25 EID collection sites per country were selected based on health centre type, geography, partner participation and maturity of the EID service. EID collection sites reviewed contributed to variable proportions of total EID tests completed by the national program in the public sector ranging from 36% to 91% (Table 1) . The questionnaire, which is attached to this paper as Additional File 1, covered the EID continuum from early identification of the HIV exposed infant (and missed opportunities for identification) through to discharge of the HIV negative baby with a confirmed status or initiation on ART and allowed for the examination of service availability and provision through the EID continuum ( Figure 1 ). Site level data was gathered from site EID registers at different entry points, care and treatment centres, and pharmacies, and was used to complete analyses of turn-around time, result return, and the impact of the EID service. For purposes of this review, age at EID testing was further stratified into three categories (first EID test at < 2 months, at 2-6 months, and at > 6 months). Data collection was conducted between August and December 2009. Data was entered in Excel and analysed using simple frequency distributions. Since the reviews were done using existing data from national programs, the ministries of health and UNICEF staff did not deem it necessary to seek IRB approval or to consult ethical review committees in making this decision.
Results

EID sample volumes, geographic coverage, and utilization
In the four countries reviewed from 2006 to 2009 EID sample volumes rose dramatically to >100 samples per quarter in Cambodia and Senegal, >7,000 samples per quarter in Uganda, and >2,000 samples per quarter in Namibia. In 2009 in Uganda EID samples were sent to laboratories from over 525 sites across all 4 regions, including all of the Regional Referral Hospitals, 143 of the 161 Health Centre (HC) IVs, 207 of the 955 HC IIIs, and 47 HC IIs. EID services were present at more than half of the~900 PMTCT sites nationwide and at many more clinics than where paediatric ART was provided (234 sites). In Namibia, EID was available at 205 sites across all 13 provinces, including the large majority of the 35 ART sites and more than 200 PMTCT sites. In Cambodia, EID services were available at 26 sites across 16 of 23 provinces as well as in Phnom Penh and were available at the large majority of the 31 OI/ART Sites and slightly less than half of the 69 Referral Hospitals. In Senegal, EID services were offered at 48 sites across 12 of the 14 regions.
While expanded geographical coverage across the four countries reviewed brought services closer to the patient, it did not always translate into significantly greater sample collection at lower-level facilities or more even geographical distribution of sample collection. In Uganda lower-level clinics (HC IIs and IIIs) comprised 47% of the EID collection sites nationally, but only 11% of the total testing volume (Figure 3a) . Data from Namibia showed~15% of the national EID sites collected >93% of the total sample volume since the start of the service. (Figure 3b) 
Age at EID testing
The policies of all countries recommend testing beginning at six weeks or as soon as possible thereafter. In all countries the age of testing was recorded on the testing form, but only in Namibia, did the laboratory coding systematically record the reason for the testing to be either "from PMTCT" or "symptomatic", thus enabling an accurate determination to be made regarding what proportion of testing of infants known to be exposed perinatally was occurring in the context of PMTCT in the first two months of life. In this case of 11,720 total infants were coded as referred from PMTCT services and 1,314 because of having symptoms suggestive of HIV. The median age of testing among infants referred from PMTCT services was approximately 2 months over the life of the program, with a large proportion of these infants being tested well after two months of age. Although the specific reason behind referral for testing in the other three countries was not known, among all infants receiving EID, the proportion of tests that were done in their first two months was less than 50% in 2009 in each country, although this proportion had increased over time in all countries from 2007 to 2009 ( Figure 4 ). The lowest ages at testing across all four countries were seen at the large tertiary paediatric focused centres known to have robust PMTCT and paediatric services and with effective patient follow up systems in place.
Sample turn-around time
Sample turn-around time (TAT) was analysed from collection at site to laboratory and averaged 1.38 days in Namibia, 5.25 days in Cambodia, and 12.6 days in Uganda over the life of the program, with wide variation between sites. (In Senegal data was not available because date of arrival at the laboratory was not documented in EID database.) Namibia, with the shortest turnaround time, used only one EID testing laboratory, but invested in overnight transportation of all samples from 37 local collection laboratories. Uganda with the most testing laboratories actually had the longest sample transport time. TAT for processing within laboratories averaged 9 days in Namibia, 18 days in Cambodia, and 3.33 weeks in Uganda over the life of the program. In all countries health facility registers did not systematically document the date that the result arrived back at sites and therefore the total TAT from sample collection to result arrival at site could not be measured.
Models of service organization
There were two main models of service organization observed at facility level for exposed infant care and EID testing. The first is a centralized collection model where services such as MCH, OPD and ART identify exposed infants and refer infants to the site laboratory for EID sample collection. EID sample collection takes place in the site laboratory and the parents of the infants are either told to return to the service from where the infant was referred, or to the laboratory itself for test results. The second collection model that a number of higher volume countries or higher volume sites are implementing is the decentralization of EID sample collection beyond the site laboratory to multiple points within the health care facility such as the ANC, ART centre, OPD, and ward(s). In this model, samples are collected by nurses or doctors within each service. Infants have their EID samples collected, receive exposed infant care, and receive their results all at the same location
Referral to care and treatment
Across the sites reviewed, few had robust referral mechanisms in place between testing and HIV care and treatment. In a sub-sample of children in Uganda, Senegal, and Cambodia for whom this data was available we noted significant attrition of infants along the continuum of care post testing. The most complete data and largest sample size was from Uganda ( Figure 5 ). Overall, only 22% (Senegal), 37% (Uganda), and 38% (Cambodia) of infants that tested positive were ultimately initiated on treatment. Among those who did receive their test results and enrolled in HIV care but never initiated ART, some were not initiated because they were: 1) older than twelve months of age at enrolment and not clinically or immunologically eligible to initiate ART; or 2) enrolled at <12 m prior to the guideline changes calling for immediate treatment initiation for infants <12 months testing HIV positive. In Namibia, we examined the extent to which PCRpositive infants who were enrolled in HIV care subsequently initiated ART and associated time delays. The proportion of HIV-positive infants initiating ART increased after the new guidelines and delays in time to initiation correspondingly decreased ( Figure 6 ), with more than 70% of known PCR-positive infants initiating ART in 2008 within 6 months of when they were enrolled in HIV care. 
Discussion
We report a dramatic increase in EID testing volumes between 2006 and 2009 in four countries which represent a mix of high (Namibia, Uganda) and lower (Cambodia, Senegal) HIV prevalence and diverse health system capacities. However, while the number of tests expanded rapidly, the public health impact was far from optimal. In 3 of the 4 countries only 22% to 38% of infants testing positive by PCR initiated ART. It is important to recognize that the data reviewed covered a period of time when international guidelines on when to start treatment in infants were changing and therefore not all infants were eligible for treatment at the time they tested PCR positive. However, even after guidelines had been changed, a substantial proportion of PCR-positive infants were still not being initiated on ART at the review sites. The exception to this was Namibia which has been able to achieve high population-based coverage of both infant testing and treatment. Namibia's success demonstrates that it is feasible for EID services to contribute to a large public health impact in a highly rural, low-income country. These observations underscore that it is critical to focus more attention on ensuring that all infants who test positive rapidly initiate ART.
In order to increase EID testing coverage, many countries have prioritized decentralizing the service both geographically and through various levels of the health system. This review found that decentralization alone is not sufficient to greatly increase utilization of services at lower-level sites. To improve uptake of testing in the first two months of life, infant follow up must be underscored in PMTCT counselling. With high coverage rates in many countries for the first childhood vaccination, HIV programs have been working to strengthen the linkage between EPI (Expanded Programme on Immunizations) to enable earlier EID. However these efforts can only succeed when practical operational guidance on provider initiated counselling is coupled with measures 
such as coded documentation of mothers' HIV status on health cards to enable the identification of infants needing EID.
Among infants with PCR-positive results, very high rates of loss to follow up occurred in the postnatal period. Many caregivers never received the EID results, and very few sites reviewed had robust mechanisms in place to follow up with infants whose parents or caregivers did not return for results. Standard operating procedures are needed by which sample collection and result return are closely linked to counselling, clinical care, and to follow up. It is critical for all sites to have a clear understanding of the EID sample and result flow, the patient flow, and who is responsible for key infant care tasks.
In this regard, the reviews identified two broad types of approaches to organization of EID services, each of which potentially poses challenges for retaining infants. In Senegal and Cambodia, the site laboratory technicians manage the EID supplies, sample collection, record keeping, dispatch of samples, and receipt of results. Having skilled laboratory technicians can facilitate the transportation of samples and communication with referral laboratories, but not having clinical providers in charge of coordinating the service can result in challenges with regard to post-test counselling, exposed infant follow up, and returning the results to caregivers and service providers. On the other hand, the model utilized in Namibia and Uganda in which EID was offered in multiple clinical units within a site (e.g. ART, MCH, wards) requires significant site organization for consumables and registers. With multiple collection points the logistics of getting all samples to the referral laboratory and all results to their correct collection point is challenging.
In light of these difficulties, a third approach to the organization of EID services may be useful in some contexts, which includes aspects of both the centralized and decentralized collection models. To address some of the problems noted in the review, Uganda implemented an EID strengthening pilot in which a single centralized care location is designated where exposed infants receive comprehensive longitudinal care (including CPT, infant feeding counselling and support, ordering the EID tests, returning the results, and follow-up until enrolment in ART or discharge upon a final confirmed negative test.) Sites pick the location of the EID care point themselves by deciding which unit they believe is best positioned, which may be ART, OPD, or MCH clinics -in most cases sites have chosen ART clinics. HIV-exposed infants presenting at other entry points are all referred to and managed by this one designated care point. A focal person is designated to be responsible for infant follow-up at the EID care point, and monitoring tools, job aids, and mentoring are provided for the care point and referring units. Uganda has subsequently reported strong improvements in the proportions of eligible infants receiving test results and initiating ART at sites that have implemented this approach [6] , and based upon this successful pilot is now scaling up this approach nationally. While this has worked well in the Ugandan setting, the optimal approach to organization of services may vary in different settings depending on factors such as health system capacity and HIV prevalence.
Systematic referral mechanisms are also needed to ensure PCR-positive infants are enrolled on ART. However, these were not present at most sites providing EID services. Indeed, despite the co-location of testing and HIV care and treatment in the same hospital (and sometimes the same unit), a high rate of attrition occurred between testing and enrolment in HIV treatment for those infants testing positive by PCR. The little data available indicates that, even for the small number of PCR-positive infants that were initiated on treatment, substantial delays were common between when caregivers received results and when infants were initiated on treatment, with many PCR-positive infants being enrolled in HIV care but never HIV treatment. Though the reasons for delays and loss-to-follow-up between enrolment in HIV care and enrolment on ART cannot be determined from the current analysis, possible contributing factors may be the requirement in some cases for several adherence counselling visits prior to ART initiation, the desire of clinicians to obtain a baseline CD4 prior to initiating ART, or the fact that some sites provide care for PCR-positive infants (mainly CPT and infant feeding support) but have to out-refer to other sites that offer ART. This data highlights the urgency of streamlining current processes for initiating ART in infants to avoid such delays which are resulting in increased mortality in these highly vulnerable children. Where feasible, decentralizing ART to lower-level clinics that also provide MCH and EID may also have potential to improve retention through enabling a "one stop shop" where HIV treatment can be initiated without referral to another site or hospital service.
There are several limitations to the conclusions that can be drawn from this retrospective multi-country review. Firstly, the data was routine programmatic data and mostly cross-sectional. Estimating the proportion of infants who were lost-to-follow-up at different points of needed care in the postnatal period therefore required the linking of data from several different sources of routinely-collected data because sites and national programs do not follow HIV-exposed infants longitudinally. However significant efforts were made to eliminate repeat PCR documentation to ensure no infants are double counted. The possibility exists that some of the infants that were estimated as lost-to-follow-up received services, but that this was not recorded either because care occurred at other sites that were not covered by the review or because of the suboptimal quality of the routinely collected data at the sites that were reviewed. We also did not seek to collect data about care services provided to the HIV-positive mothers, such as whether they were enrolled or retained in HIV care and treatment services. Additionally, given the nature of the review, we could not determine what the reasons were why infants were lost-to-follow-up or if any specific approaches had been used successfully to improve the continuum of care. More in-depth prospective reviews would be helpful for programs to better understand these important issues, and the optimal approaches to reduce loss-to-follow-up and ensure timely ART initiation. Encouragingly, since the reviews the countries involved have continued to make improvements in their programs, including taking action to address the high rates of loss-to-follow-up.
Conclusion
This review provides useful insights into the functioning of EID services in low resource settings and gives an indication of what changes are needed in order to achieve optimal impact of this intervention. While the volume of EID tests has expanded dramatically in these four countries, a large proportion of HIVinfected infants testing positive by PCR were not subsequently initiated on treatment. In order to improve retention and enable the achievement of high coverage of paediatric treatment it is critical for EID services to be fundamentally linked to PMTCT and MCH as well as to ART programs. Shifting focus from the laboratory aspects of EID alone to the full package of HIVexposed infant care should enable EID services to have a much greater impact on child survival in the future.
Additional material
Additional file 1: EID Data Collector Tool. This is a copy of the questionnaire used for the site-level data extraction. It covers the EID continuum from early identification of the HIV exposed infant through to discharge of the HIV negative baby with a confirmed status or initiation on ART.
